Abstract. In model-driven engineering, model transformations are considered a key element to generate and maintain consistency between related models. Rule-based approaches have become a mature technology and are widely used in different application domains. However, in various scenarios, these solutions still suffer from a number of limitations that stem from their injective and deterministic nature. This article proposes an original approach, based on non-deterministic constraint-based search engines, to define and execute bidirectional model transformations and synchronizations from single specifications. Since these solely rely on basic existing modeling concepts, it does not require the introduction of a dedicated language. We first describe and formally define this model operation, called transformation as search, then describe a proof-of-concept implementation and discuss experiments on a reference use case in software engineering.
Introduction
In existing Model-driven Engineering (MDE) approaches, model transformations are a key element for performing operations between different models. These operations may be of different nature, such as migration, evolution, composition, exchange, and others. Despite the existing solutions being very different on the set of available capabilities (see [7] for a survey), most of them are rule-based approaches.
These approaches have a simple and efficient principle: given a source metamodel M M a and a target metamodel M M b, the developer defines a set of pattern-matching rules to transform all the model elements from M M a into elements of M M b. These transformation engines have a deterministic behavior, i.e., one source model always produces the same target model. In addition, the transformation rules are unidirectional and need to be fully-specified, i.e., it is necessary to write rules that cover all the (relevant) elements of M M b.
These properties limit the scope of most transformation languages in various scenarios [6] . For instance it may be hard to write rules that cover all the transformation cases. Similarly, it is sometimes desirable to produce more than one target model in order to study the alternatives. Bidirectional behavior requires to write or derive a reverse transformation. Finally, these approaches hardly allow to maintain models consistency without additional mechanisms.
Some of these limitations are directly linked to the fact that most tools do not allow for disjunctions (i.e., choice points in the sense of combinatorial problems) and take decisions solely on the basis of the source model. Indeed searching for multiple target models requires non-deterministic properties: a given source model may produce zero, one or multiple target models that satisfy a set of constraints.
In this paper, we present a novel approach that uses constraint-based search for executing model transformations and synchronizations. At this stage, our challenge is to present this approach to the community and to integrate it at its best in current MDE practices. To this aim, we reuse and extend a model search operation proposed in previous work [21] as well as its notion of partial model: a model whose known constituents actually conform to their corresponding metamodel, but that should be interpreted with a weaker conformance than the classical closed-world interpretation used in the MDE community.
The core idea is to create a unified metamodel containing source, transformation and target constraints. Different scenarios (creation of target model(s), synchronization of existing models, and others) then mainly resolve to searching for conforming model(s). First, we define a (potentially partial) set of correspondences (i.e., transformation constraints) between the source and target metamodels using basic modeling concepts. Second, we transform the input artifacts into a solver which executes the scenario through a generic model search operation. As a result the engine produces none, one or several output models that contain the solution(s) and its generation traces. The specifications are bidirectional and flexible: they can be used to produce either the source or the target model, or even propagate changes from one model to the other depending on the chosen scenario. Another interesting property is that one could introduce an optimization criterion that will be used by the search process to produce one specific solution (the "best" one).
Plan of the article. Section 2 briefly introduces the context of model-driven engineering, constraint programming main principles, and recalls necessary definitions from previous work on model search. Section 3 formally defines the transformation as search operation, and describes a generic process for its realization along with a running example. Section 4 proposes a prototype implementation and discusses preliminary experiments on a reference use case. Finally, Section 5 discusses related work and Section 6 concludes.
Context

Introduction to MDE and Model Transformation
Model Driven Engineering considers models, through multiple abstract representation levels, as a unifying concept. The central concepts that have been introduced are terminal model, metamodel, and metametamodel. A terminal
